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SECTION 1
INTRODUCTION

Several analytical expressions have been developed which allow a
rapid and fairly accurate determination of radiation intensity as a function
of photon energy, time, weapon yield and burst altitude, and of radiated
energy as a function of photon energy, yield, and burst height. The formu-
lations were designed for use in chemistry calculations of photo-detachment
and photo-dissociation. '

The analytical expressions, contain.d in subroutine RADOUT (de-
scribed in detail in Section 2) were obtained through the development of
empirical formulations, based primarily on RADFLO code output and on
limited MODEL III code data. More specifically, a set of equations was
designed to allow the generation of a radistion power-time curve, sppropriate
for specified weapon yields and burst heights. The fractional contribution
of power in each of a set of six photon energy bands is approximated as a
function of time over the time period of interest.

On the basis of the power-time curve equations snd the fractional
energy band contribution versus time equations, sn spproximation cin be made
of the output power at any specified time for a particular set of input
parsmeters. If th. desired output is in terms of radiated emergy, a siqlo
trapezoidsal time integration of power in the different energy bands is
performed. Final outputs of power and energy are in umits of photons/second

 and photons, romcuvoly.



Ranges of interest for the parameters for use in specifying a case
to be calculated were established early during the study, and are as follows:

Power(hv,t .Y,ha)

Energy(hv,Y 'hB)

where
hv 0.44 eV ~ 6 ¢V

t 10°% sec ~ several sec
Y Few kT ~ several MT

h 0 km ~ 100 km

B
Applications of the power and energy formulations noted above are

intended to be used in calculations of photo-detachment and photo-dissocia-

tion. Photo-detachment currently applies to several basic negative ions;

0,", o, 03'. CO;. C0‘°, N33', ONOO™, and Noz'. With respect to photo-

dissociation of ions, the power formulation (i.e., P(hv,t.Y,h‘)) is applicable.

However, for the photo-dissociation of neutrals, the formulation reflecting

integrated power (B(hv.?.li.)) is sppropriste. An ares of particular interest

was identified which involves the photo-dissociation of 0., and a specific

band of wavelengths of 2550 A £ 250 A was stated as spplicable. However,

as is described in Section 2, subroutine RADOUT is sufficiently flexible

to allow the specification of any particular photon energy of interest, and

some range of energies around this point, within certsin bounds.

The majority of data used in the formulation of the analytical
expressions was obtained from RADFLO code runs. Only limited use was made
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of data from MODEL III runs. Format of the RADFLO output data pertinent
to the development of the aforementioned equations was as follows:

Real time (seconds)
Power escaping the grid

IR 0.45 < hv < 1.82 eV
Red 1.82 < hv £ 2,137 oV
Green 2.137 < hv £ 2.583 oV
Blue 2.583 < hv £ 3.265 eV
Near UV 3.265 < hv £ 4.13 oV
Far UV 4.13 <hv £ 7.25 o
Visible 1.82 < hv < 3.26S eV
Thermal 0.45 < hv £ 4.13 oV
Total 0.45 < hv £ 12000 eV

Integrated Power
f(m)d:
foryee
Jomyee
Jowve + rve)ae

(27550 A - 6800 A)
(6800 A - 5800 A)
(5800 A - 4800 A)
(4800 R - 3800 %)
(3800 A - 3000 )
(3000 & - 1710 &)
(6800 A - 3800 A)
(27550 A - 3000 A)

The initial set of data used in developing the formulation of
equations was the 0 to 25 km, 4 kT to 4 NT set of bursts shown below.

It is noted, however, that adjustments of the constants for the power
md time equations ultimstely included in subroutine RADOUT significantly

reflect the S kT, S through S0 km dats runs.

4 kT ¢ 2,5,10,18 and 25 km

40 kT ¢ 0,2,10,18 and 25 kn
400 kT ¢ 5,10,18, and 25 km

4000 kT ¢ 2,5,10,18, and 25 km



10 kT € 21 km

2000 kT @ 35 Jm

2000 kT @ 45 km
S kT ¢ 3,9,19,27,31,34,37,42 and 50 kn

4000 kT @ 60 ka
1M
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SECTION 2
MODEL DESCRIPTION

The development of subroutine RADOUT, and the referenced power-
time curve related equations, were initially implemented in a computer-time-
share program called THERMAL1. This program consists of a simple driver,
used to provide the case input and other quantities which are calculated in
other parts of the overall code, and the radiation output subroutine, RADOUT.
Subroutine RADOUT is currently also contained in code "MODEL'" and is called
by subroutine MODLON. There are some minor differences between the two sub-
routines, due primarily to operation of the subroutine in two different
computer systems. However, the basic operation and structure of the two
versions are virtually identical, and the time-share version, being more
conveniently tabulated, is used here for purposes of describing the sub-
routine. '

The flow diagraa shown in Figure 1 reflects only subroutine RADOUT
(Lines 660 to 4200) of the THERMAL1 routine 1isting shown in Figure 2. The
1isting is contained in the body of the report because of frequent references
to its content.

Arguments in the subroutine call statement are used to establish
the parameters for the case to be evaluated. The burst index, INDX, is
used to obtain burst time (TB) and burst point density (RHOB) from EVENTX
common, and yield (ETGAD) from GADGET common. If power output is to be
calculated at s particular time, this is specified by the argument, TCALC.
If, however, energy is to be calculated, this is accomplished by setting




CRADOUT(INDX.TCALC.NU.HNU))

2
ESTABLISH BURST POINT
DENSITY (RHO)
%ENEH%L‘EST ZERO-SET PARAMETERS
CALCULATION _AND ARRAYS
P>

CALCULATE (EQUIVALENT)
BURST ALTITUDE (HKM) FROM
BURST-POINT DENSITY

ESTABLISH BURST
VIELD (WKT) |

)}

PRINT ERROR

MESSAGE
F
SET MAXIMUM RETURN
CALCULATION
BURST ALTITUDE

l

SET VALUES FOR SIX

TIME POINTS ON POWER-
TIME CURVE — PRE-TPMAX,
TPMAX1, TPMIN, TPMAX2,
POST TPMAX2, TPFINAL

i

SET TIME BAND FLAG
~ (1FLAG)

¢
Figure 1. Flow diagram of subroutine RADOUT.




INTEGRATE

POWER-TIME CURVE b

(TCAL(?:-O. )

DETERMINE THE TIME LOCATION (TSEC) OF THE
CALCULATION TIME (TCALC) ON THE POWER-TIME

CURVE FOR THIS BURST

DOES THE
CALCULATION TIME
LIE WITHIN THE BOUNDS
OF THE POWER-TIME CURVE
TO BE EVALUATED

?

PRINT ERROR
MESSAGE

1

SET THE TIME BAND FLAG
l_— (IFLAG)

PHOTON ENERGY
OF INTEREST BETWEEN

48 oV AN? 7.25 oV,

Figure 1 (continued). Flow diagram of subroutine RADOUT,



DOES ANY SPECIFIED RANGE
OF ENERGIES (WNU) LIE
COMPLETELY WITHIN THE
BAND OF INTEREST

SELECT THE APPROPRIATE SEGMENT OF THE

POWER-TIME CURVE FOR THIS CALCULATION.

IF THE DESIRED OUTPUT IS POWER, INTE-

GRATED OVER T!'*% (TCALC=0.), THE TOTAL

POWER-TIME CURVE IS CONSTRUCTED AND
INTEGRATED.

60 TO (300,400,500,600,700,800,300),1FLAG

!
:

CALCULATE THE POWER AT THE
BEGINNING (P2) AND END (P3)
OF THE SELECTED TIME BAND

|

CALCULATE THE SLOPE OF THE
POWER-TIME CURVE BETMEEN
THESE TWO POINTS

l

Figure 1 (continued). Flow diagram of subroutine RADOUT.
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$

COMPUTE THE AVERAGED

FRACTIONAL CONTRIBUTION
IN EACH OF THE SIX ENERGY
BANDS TO THE TOTAL POWER IN
THE TIME BAND, AS A FUNCTION

COMPUTE ENERGY IN
TIME BAND

OF BURST ALTITUDE

IS
THIS A
POWER CALCULATION

YES

AT A SPECIFIED

TIF

s

rCALCULATE THE TOTAL

POMER (PCALC) AT THE

CALCULATION TIME POINT

ON THE POWER-TIME CURVE
(TSEC)

J

CALCULATE THE FRACTIONAL
CONTRIBUTION IN EACH OF
THE SIX ENERGY BANDS

1

L

BYPASS ANY SUBSEQUENT
TIME BAND CALCULATION

(60 TO 900, LINE 3670, FIGURE 2)

|

|

CALCULATE TOTAL TIME IN TIME BAND,

| DIVIDE INTO 20 TIME STEPS, FOR EACH
OF 20 TIME INCREMENTS, CALCULATE

| AVERAGE POWER, COMPUTE ENERGY

- INTEGRATE OVER TIME BAND

:

| TO NEXT TIME BAND
| 60 T0 I

K2

Figure 1 (continued). Flow diagram of subroutine RADOUT.
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¢
|
u FROM CALCULATION OF POWER

& AT A SPECIFIED CALCULATION
TIME IN THE APPROPRIATE

COMPUTE ENERGY TIME BAND
IN TIME BAND #6

lﬁ

PRINT CASE DATA

|

DETERMINE IF A RANGE OF
ENERGIES (WNU) WITHIN
A BAND OF INTEREST (INU)
IS TO BE CONSIDERED. IF
SO, COMPUTE WHAT FRACTION
OF THE WHOLE BAND THIS
RANGE IS (FRACNU)

1

CONVERT WATTS TO PHOTONS PER
SECOND OR WATT-SECONDS TO
PHOTONS FOR EACH OF THE TOTAL
OR FRACTIONAL BANDS,
AS APPROPRIATE

12




. LY STORE QUANTITIES
COMPUTED IN FIRST PASS
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SET EQUIVALENT BURST POINT




TCALC to 0., and the six energy bands sre integrated over the total power-
time curve. The photon energy of interest (eV) is specified by argument, NU,
and if a range of energies within one of the six energy bands (Lines 780

to 840, Figure 2) is to be evaluated, the width of this range is specified
by the argument, WNU, with the range being centered on the photon energy

of interest (NU).

In Figure 1, the burst-point density (RHO) is established and
various parameters are zero-set. Since calculations internal to this sub-
routine are based on burst altitude, the burst-point density is translated
into burst altitude using analytic expressions which curve-fit Figure 3.
The source of this curve reflects data from the RANC IV ATMOSD subroutine
(1962 U. S. Standard Atmosphere Model From 0 to 50 KM, CIRA 1965 Mean
Atmosphere Model from 50 to 100 KM).

After testing to insure that the burst altitude is within limits
(0 to 100 km), this version of RADOUT imposes a calculation burst altitude
maximum of SO km. That is, bursts between 50 and 100 km are treated as if
they were detonated at 50 km.

For purposes of constructing the power-time curve, that curve is
divided into six time segments, as seen in Figure 4. The beginning and end
of time band #1 are set st 10 and 10°* seconds respectively. The times of
first thersal maximum, thermal minimum, second thermal maximum, and post-second
therxal maxisum are then ‘-coﬁmtod on the basis of equations (TIME(2),TIME(3),
TIME(4),TIME(S), Lines 1640 » 1680, Figure 2) empirically derived primarily
from RADFLO data. The end print (TIME(6)) of the power-time curve is set to the
saximum value of 1 second anid ten times the time of the second therma! maximum.

The time band flag (IFLAG) is initially set to 7. If the desired
calculation is the integration of the power-time curve (TCALC=0), IFLAG remains
‘set at 7. If not, the time location (TSEC) of the calculation time (TCALC) on
the pover-time curve for this burst is determined by subtracting burst time (TB)
from the calculation time. A test is then msde to insure that the calculation

"
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SUBROUTIME FADOUT O IMNDMy TCALC MUy WHUD

THIZ SUBROUTIME CRLCULATES EITHER OF TWO TYFES OF CUTFUT FOR

A BIRST OF SFECIFIED YIELD AMD DETOMATIOMN ALTITUDE. THE FIFST
TVFE OF CUTPUT AFFROXIMATES THE RADIARTED POWEF IM

ERCH OF SIX FREGUENCY EBANDS COUERIMG IR (&, 45EW)

THREOUGH FAF LY (7. 2SEV) AT A SPECIFIED CALCULATION TIME.

THE SECOMD TYFE OF OUTFUT AFFROXIMATES THE FRADIATED EMERGY
FESLULTING FROM THE IMTEGRATION OF FOMEFR IM EACH

OF THE SIx FEEQUENHCY BAMDS COUVER A TIME SPAN FROM 1,0E-¢ SECCHDS
TO APPROAIMATELY TEM TIMES THERMAL MAXIMUM,

THE S1¥ FREGUEMCY ERAHDS ARE AS FOLLOWS
EHHDI IR 2,45 JLE. HHU  LLE. 1.E=Ef EW

A !
FED 82 LT, MU LE. 8,137 EU
GREEM £.172 JLT. HHUY  JLE. 2,583 EU
ELUE £.5383 LT, W) JLE., 3.2e% EU

X

MEAR M 2,25 JLT. HHU JLE. 4,13 EVY
FRR ) 4,153 LT, HNU  LE. 7,85 EU

IMFUTS FROM CALL STARTEMENT
IHDK IHDEY. CF EBURST
TCALC = CALCULATION TIME (SEC). (TCALC=@. RESULTS In
INTECRATED FCHER)
MU CEMTEF FREQUENCY OF IMTEREST (EUV).
(238 FANGE OF FREGUENCIES IN BAND OF INTEFESTs CENTERED OH
CENTER FREQUENCY OF INTEREST (EV)

INFUTS FROM EVENTX COMMOMN
TE = TIME OF BURST (SEC)
RHOB = BURST PGINT DENSITY (GM/CM2)

- IMFUTS FROM GRIGET COMMON

DANR{ S O £

H]
LE)

i n

ETGAD = YIELD (ERGS)

OUTFUTS TO GEGTD COMMOM
POMER = RADIATED POKER (FHOTONS PER SEC) IN ALL BANDS
EMERGY= INTEGRATED POMER' (PHOTONS) IN ALL BANDS

HOTES-- 1. BURST ALTITUDE IS CONFINED TO 0-100KkM. RESULTS FOR
BURSTS ABOVE 50 KM ARE CURRENTLY BRSED OM DATA
CALCULATIONS AT S0 kM.

2. IF A RANGE OF FREQUENCIES WITHIN ONE OF THE S1¥
SPECIFIED CUERALL ERNDS ll. E. »IRs RED» GREEM» ELUE,

Figure 2 (Cntﬂmd) I.isﬂn of tin-m progras TMI.
i
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| 1579 YET=ETGRI( INDX)

o 1S30C TEST FOR BURST HEIGHT WITHIN LIMITS

1599 IF(HKM.LT.0.0 .0OR., HKM.GT.1€@.) GO TO 100¢

 Figure 2 (Continued). . Listing of time-share progrem THERWALY.
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IFIHEM.GT.SR, ) HEr=5E,
SET UALUES FOR SIe TIMES (1.E.s PRE TFMHAST s TFEFES1s TEMIM
TFHESS s FIOST TEMFES s TRF IHAL )
TIME () ===, & 1539
TIFE 12 =TCOH O 04 TOUH G2 *RLOG (VET )+ (0 THEM TRV 0TI V) J T (4D
TIME (23 =10 ST+ TCONH O Y ORLOG IYET ) = U0 (b M 16E, 1o HHI Y NRTCOM D))
TIME ¢ 4 P=TCOHCLL b 4+TOOM LSV ERLOG CYETYI = CrHEM- 1688, 18 eTICOM 15 )
TOOHEE4Y)

CTIME () =TCOM 16D+ TCOH 1TV ORLOG (YET) = L1 (Hikd 180, ) 9 €TCOM 15)) 2

e

TCOMHCL21 )
TIME te)=FPiR- 1 1. s TIME () +RLOG 10, ))
SET THE TIME PBAMD FLAG
IFLRG=7
IF(TORLC EC.B. ) GO TO 246
TEEC=TCHLC-TE (CIHIX
TEST CALCULARTION TIME FOR LIMITS
IFITSEC.LT.1.E-6 Of. TSEC.GT.EXP(TIME(&))) GO TO 1836
o 235 I=ste
IFLAG=]
IF(TESECLT.EAPATIMECID) )) GO TD 246
CONT THUE
TEST FEEQUEMCY OF INTEREST FOF LIMITS
IF(MULLT 2. 45 JOR. MULGT.7.85) GO TO 1846
SET FREQUENHCY EFAND OF INTEREST

DD 265 I=8s7

=11
v IF(NULLT.MUEBAND(T)) GO TO 272
IMSURE THAT AMY RANGE OF FREQUEMCIES BEIMG EVALUNTEL It
COMFLETELY WITHIN ONE OF THE SFECIFIED ERNHDS
COMTINUE
HUBOT=NU-LINU-2.

NUTOP=NUHI-S,

IF (NUBOT.LT. HUBAMD (INU)Y . OF. NUTOP.GT . M'I—MD[INI-H]]UJ 10 loze
SELECT AFPROFEIATE SEGMENT OF THE POMWER-~TIME CUFVE FOR
THIS CALCULATION. IF THE DESIRED OUTFUT IS INTEGRATED
FOWER OUERP TIME (TCALC=6.)y THE TOTAL FOMER-TIME CURVE
WILL BE CWSTF‘L‘CTFD AHD INTEGRATED

CONTIMUE ;

G2 TO [3(’3’4'21@’509%-%’.79@!8%!;&??19)’IFLHG . :
PL=PCON( L) +FCON (2) *ALOG (VKT) +{ ( tHKM.~ 1001, ) ¥*FCOMH (3) ) #FCON(4))
FRAC(1)=. 2

IF (HM.GT. 20, ) FRAC(1)=AMAX] (. 04y 46~ (, IOHKM/37.))

FRAC(2)=.11

IF (HKM. GT. 20. }FRAC (2) =AMFAX1 (. 212,.1‘:‘-1 17%HKM.-48, ) )

IF (HKM.GT. 4@.)FR~3(¢)'MIN1( %a.&E'H 04*'0-«!1—4“ }J/18.)))
FRAC(3)=.,23

IF (HKM.GT. cﬂ.l FF:FIC[S)'FI'RXI( 65:.4;- .o?*Hf’M/"'S'.))
FRAC (4) =, 30

IF (HKM, GT.-:'«.JF'R‘FCM)W!( 160.‘2- .52 '*H(Wt#@.l) 2

Fim 2 (m t.mm of tho-m m THENAL],
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8356
2366
370
£330c
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£406
£416
P40
2426
£440
456
&460
2479
2480
2499
o500
£510
o580
2530
548
2550
2560
2570
2580

FREARC IS =, 16

IF (HEM.GT. 14, iFFFI"f"nl-l-IHINII.-ZC.w.1H+l S L HEM=-14. 11500 ))
IFTHKMLOT, 25, FRRAC CSY=AMANML L, 15 s 38— 10 14 CTHEM~325. )05, 00 )
FEHC[6]=1.@-(FRHEII1+FRHC(E]+FRHC[3)+FRHC[4]+FRHCf5]]
IFIFRACIE) LT BL) FRACE) =0,

I 223 I=1e6

QUT (D) =FRAC T *EXFIFL)

IF UIFLARG. HE. 71500 TO 20a

0 393 I=1e6

A FORINT (D) =0T (LS CESFITIME(IN ) 1 0E-8) )
CFE=PCOM C1) +PCOMH (2 ) *RLOG (YKT) + € CTHKM.A 108, ) S$PCOMN (5 ) *FPCOMNT4))

FRACCL)=HAMIML 1. 12 15% (HEM-19. 00

IF(HEM.GT 27 IFFAC L) =AMANL (.85 (45~ [, 450HKM-34, ) )
FRACIEZ) =, 12%HEM-31,

IF THEM, GT. 31O FRAC T2 =AML (G , 15~ (09 (THKM=-51,)-3,)))
FRAC (Z1=FRAC (1) +,01

FRAC (4) =AMINL (. 23y . 29%HKM- 15, )

IFCHEM.GT 27 JFRAC () =FMAKL (L 11y, 78~ 7% (HKM/ 37, )
FRAC (S )-—HMIHI (.37 .20+, 28 (HKM-19.) )

IFTHEM, GT .29 )FRAC (S) =AMAXL [, 16y . B2~ (. 7E¥HKM- 40, ) )
FFﬁC(6]=1.lZ'I-(F'R'HC(IHFETHC(E’HFFRC( BV+FRAC () +FRAC(Z))
IF(FRAC(E) LT.8. )FFAC (&) =0,

0 481 I=1s¢

CUT (11=FEAC (1) *EXP (PR2)

IF(IFLAG.MHE. 7)50 TO ‘260

00 448 I=1,e

POWIMT (I)=POMINT (1) +OUT (1) ®(EXF (TIME (2) ) -EXF (TIME(1)))

F2=PCON (&) +FCON (7) ®ALOG (YKT) + ( ( (HKM 100, ) **FPCON(E) ) *PCOM (9) )
IF(IFLAG.EQ. 7)GO TO SaS5

PE=PCON (1) +PCON (2) ¥*ALOG (YKT) + ( ( (HKM~ 106, ) ¥¥PCOM (3) ) #¥PCON(4) )
SLOFE3=(F3-F2) ~ (TIME (2)~TIME(Z))

FRAC(1)=,23~, 1 7%HKM~ 36,

IF(HKM.GT. 36, JFRACC1)=AMINL (. 17 .06+ (. 1 1% ( (HKM~36.)-14) } )
TRAC (2) =, 87

FriY(3)=, 10

FRRC (4) =, 14

IF (HKM. GT. 15, )JFRAC(4) =, 87+, 12¥HKM/27 .

IF (HKM. GT. 27, )FRAC (4) =, 44~ , 32%HKM/ 36,

IF (HKM.GT. 36. )FRAC (4)=AMINL (. 19 . 12+ (. O7% ( (HKM-36.)14,)))
FRAC.(5)=,135

IF (HKM.GT, 13, }FRAC (5) =, 82+, 26¥HKM 27 .

IF(HKM. GT. 27, JFRAC(S) =AMAXL (. 179 . 63- (. 46%HKM/34. ) )

FRAC (6)=1,0=(FRAC (1) +FRAC (2) +FRAC (3) +FRAC (4) +FRAC(3))

IF (FRAC(6),LT.8, )FRAC(6)=0,

IFC(IFLAG.EQ.?) GO TO 540
PCHLP-EXP(dLOPES*(RLOG(TSEC)-TIME(B)l+F2) s o

DO 536 I=1,6 '

2599 536 wrm-rmcm#can.t

Fgure 2 w. Listing of time-share program THENWL].
e 3N |
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G T 6

TOELT=(TIMEC2)-TIME (2 ) 26,
TLELTE=IEXFATIME(Z) 1 ~ExPIiTIME (20 ) ) .~28,
FIMTI1)=F&

T oSEn I=2y2t

FINT D =Sl ORE = FLORT(I-1 0 STTELT ) +FE
FCRLC=(FINTCII4FINT L I-13) 72,

L0 S7TS A=1l+6

DT L) =FRAC (3 SESF (PORLC)

FOMINT O =FOMIMT OV +00UT CHETLELTS
COMTIMUE

Fa=FCOH (11 +PCOH C12 ) ®RLOG CPKT) + 00 (HEM- 126,
IFCIFLAG,EC, VIGO0 TO ol
F3=FCOH (2) +PCOM 07 ) SRLOG CYRT I+ LU THKMA 180, 3 $$PCON () ) SFCOH () )

VR PCOMI13) VOPCOMI14T)

s SLOPESd= (P4-FZ) < (TIME(4)-TIME(Z))

FRACTD) =AMASL (. 13 o 68— S8 (HKM 32, 1))
IF(HEM GT 57 IFRACC LI =AMIMNL (.25 . 1341,
FRAC (&)=, 1%

IF IHKM.GT .22 FFRAC IS)=AMANL (.07 . 37 (W27 (HKM 37,00 )
FRACII) =AMIML (.25 o 123+, 12® (HKM-15.) )

IF(HKM.GT.22. JFRAC (3 =AMAXL (L 11y o 60 (2% (HKM-37.)))
FRAC(4)= 05+, 21 ¥ (HKM/27.)

IF(HEM.GT,. &7 )FRAC (4 =AMAML (. 16 . 20~ (.
FRAC(S)=,01

IF (HEM.GT, 12 JFRAC (S)=AMINL (.28 .81+, 1 9% ((HKM-12.) -12.,))
FRAC(6)=1,0- (FRAC (1) +FRAC(2) +FRAC (2)4FRAC (4) +FRAC (3) )
IF(FRAC (&) LT.QIFRAC (5) =3,

IF(IFLAG.EQ. 7)Y GO TO é48

FCALC=EXF (SL.OPE4® (RLOG (TSEC) -TIME (3) ) +P3)

0 &34 I=1+6

OUT I =FFAC (1) *FCALC

GO 0 956G

TLELT=(TIME (4)~-TIME(3)) ~E6.

TIELTS=(EXP (TIME (4))-EXP (TIME(3)) ) ~28,

FINT(1)=FP3

DO €890 I=2r21

PINT(1)=SLOPE4% (FLOAT (I-1)®TDELT) +F3
PCALC=(FINTC(I)+PINT(I-1)) /2,

DO 675 J=ls€&

OUT (J) =FRAC (.1 *EXPF (PCALC)
F’WINT(J)'FCNINT(J]"‘UJT(J)’“TIELT@

CONTINUE

F‘uﬂPCO‘i(lG)-#F'OG‘l(l?)"’FLOG(‘lKTH(((H(Wl%.)*‘-"‘F’CON(lS)]*F’CW(l?))
IF (IFLAG.EG. 7)GO TO 705 :
PW(II)M‘(IE)%OG(YKTH(((WWIBB.]‘#CW(IJ))*FCW“%)
SLOPES= (F5-F4) / (TIME(S)-TIME(4))

FRAC(1)=,40~, 19% (HKM/41.)

IF (HM. GT.41 )FF’FC(I)'MINH Wa.EH' 09“1(!-!("—41 )/9.))

1380 (HKM=-37.)2135.)))

o (HKM-48,.) 1)

3
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FRACEEY=AMRAL o Bde o 16~ B (HKM- S0, 0 )

FRACCZ) =FRAC 12) +. 62

FRAC (41 =, 22~ . Q%0 (HE M-S0, )

TF CHEMOGT 38, JFRFIC D3 ) =AMART U 12y o S5 0L 200 HEKM 47, ) )
FRACISI=AMIML (.22 o 17+, 1S# (RN 22, )

IF THEML GT, 24 JFRAC TS =AMAKL Coods s 28 -  32® ((HEM=-354, 14, ))
FEREAC(e1=1. H—fFFHFl11+FFHI[E)+FEHE(3]4FRHC[4]+FEHD[5]]
IFIFRACIE) LT o2 JFRAC () =6,

IFTIFLAG. EGt, ¢) b“ TO 7

FCALC=EXF (SLOFES® (FLOG (TSEC)-TIME (4) ) +F4)

no 7id4 I=lse

OUT (D =FFRC LY *FORLE

LU T e

3 TOELT=\TIME (S ~TIME (4) )20,

TOELTS=(EXF (TIMEUS) ) ~EXF (TIMEL4) ) ) ~26,
FINT (1) =F4

Lo 7ol I=22l

FIMT (D =SLOPES®(FLOAT (I-1)TDELT) +F4
FCALC=(FINT LD +PINT(I-1)) 72,

) 775 Jd=1s8

QUT (D =FRAC LS *ENF IFCARLC)

FORMINT (L)) =PORIMT (1) +00UT () *TDELTS

3 COMTIMUE

IFCIFLAG.ECG, TG0 TO S1a

FA4=FCOMC11)+FCON (12 ) #ALOG (YKT) + ( C (HKM- 136, ) SR COoN (15) J$FCON(14) )
FS=FCOM(1&) +FPCOM (1 7)) *ALOG (YKT) + ( ( (HKM- 196, ) *®PCON(13) ) ¥FCOMN(19) )
SLOPET=(FS-F4) 7 (TIME(Z)-TIME (4))

SLOPEE=SLOFES

PE=SLOPEE® (TIME (£) -TIME (5) ) +F5

FRAC (1) =,3¢

IF (HEM. GT. 9)FRAC (1) =AMAK] (. 15 . 48- ( 46% (HKM-45, 1))

FRAC () =AMARL (B3 o (8—, BE* (HKM- 36, ) ) :
FRHC(3)=FFTFL[;')

FRAC (4) =, &4~-, 24% (HKM-48, )

CIF (HKM. GT.dl JFRAC (4) =AMIND (. 14y . 06+, @2 ( (HKM~31.)-19.)

FRAC (5) =AMINL (.36 . 27+, @9% (HKM-9, ) )

IF (HKM.GT. 15 )FRAC (S)=AMAN] (. 18 . 53~ (L S3% (HKM/45,.1 1))
IF (HKM.GT. 25, JFRAC (S) =AM INI (.29« 184+, 11 ¥ ( (HKM-35.)711.))
FRAC (&) =1,0- (FRAC (1) +FRAC ‘2)+FRAC (2) +FRAC (4) +FRAC () )
IF(FRAC () ,LT.0.)FRAC(5) =0,

IFCIFLAG.EQ.7) GO TO 840
PCH.C-EXF’(SLOF‘EG"II-LUS(T.’EC)-TIFE( ) ) +P3)

DO 834 I=1,¢

CIJT(I)-FF‘FOC(II*F’CH-C

GO TO %08 - - :

TIELT*(TIPE(G)-TIWNH/"G

TDELTS=(EXP (TIME(£) ) -EXP (TIME(S))) /20,

PINT(1)=PS

DO 580 I=2s21

' Hm 2 (W lioﬂn of tfn-m m ML
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THEFIMAL L

g FIMT O =S OPEE® FLORAT {1~ 1)Y*TDELT ) +FS
RS LB FCRLC=(FINTITI)+FINTII=-1) )72,

“-!I?%.E'lﬁ Lo 27s =16

e & T D =FRAC LD 2ESFP (FCALC)

D4 BTS FORMINT O =FOMINT (O +0UT D #TDELTS
Sl EEE COMEITHUE

T
-

SR

SEVE P FRINT. " H Y T I AL
SESE FEINT 116Gs HEMs YET o TSEC s MU BINL

e FREIMTs " TIMEC(1) TIME () TIME (=) TIME (4} TIME (5) TIME (&)
AV FRIMT 1486 EXFITIMECL) JsEXF(TIME(Z)I ) sEVF(TIMELZ) I sEXF(TIME (4] )
S N K] SEXFITIME(S))EXFITIME (S

S FF IMT. " F1 F& Pz F< Ffa'a
»;:?:‘_::E‘ 3 " r'_u

STa FhIHT 1125 ESFPIFL) sEXF LIRS s EXF IFR3) sEXF IFA 1y EXF (FS) sExF (Fé)
ATSE PRIMNT 18S9 SLOFES SLOFES SLOFED SLOFEE

g 2 DD 918 I=1.6&

Eraras) FERCNU=1,

Ot FIOFFH=1(1,c02%16, 8 (—19) )% ( (HUBAND(I+1) +HUEBRNTI(T) ) ~2

A7 IFCILER, MU AMHD ML, BT . 8. ) FRACHU=LNI- (HUBRHD( I+1) - HUZFIND[I])
e ) EHERGY (IMHD:s 1) =FOMINT (I} 7 (F JOFFPHSFRACHLD

31 FIOWER (THD 1) =0UT (1)~ (F JOFPFH*FRACHL)

=EER FRINT 1238 POMER (INDRXs 1) sEMERGY ( IMDKs 1)

=338 918 COMTINUE

324 IF(FLOINDY) LEG.1.) GO TO 2948

2354 KSWTCH=KSWTCH+{

R GO TO(SR0,930) s KSWTCH

RSTA 9Ze DD 925 I=1,6

3[R ENERGT (1)=ENERGY (L IMDKs I)

3599 925 POMERL (1)=FOMER (INDY» 1)

R0 RHO=RHOF ( INDX)

919 GO TO 264

3920 938 DO 935 I=1.é

3924 FRACMU=],

3926 FJOFPH= (1. 02%10, W( 19))NtNJI'HND[IHHNLIH-HD[I)Jr...)

IES IF(IEG. INUCAND. WNUL. LT .9, ) FRACHU=MIH (MUBAND (I1+1) -MUZFIND (1) )
3930 ENERGY (INMIMs 1) =F1 (INDK) #EMNERGI (1) + - -

3940 & (1. -FltlHD)l)*Fc(INDX)*(PCNINT(I)/(FJCPFWFFF-CW)ll
39%0 FOUWER (INDXs 1) =F1 (INDX) *POMER] (1) +

2960 g (1. -F1CINDX) )*F2 (INDX) % (OUT (1)~ (FIOPPH*FRACNHU) ) )

3979 FRINT 1230 POKER (INDXs I) s ENERGY (INDXs 1)

900 935 CONTINUE

X990 G0 10 9999

4000 248 10 945 I=1y6

4010 9435 FRINT 1aaa.Pmcmnx.n.chtmm<m

40c0 GO TO 9999

4030 1000 PRINTy" BURST ALTITUDE OUTSIDE OF LIMITS“

4240 GO 10 9999

40%0 1020 PRINTs* SEGMENT IN MORE THAN. ONE: OoF SPECIFIED IFN
4060 GO 70 9999

4070 1830 PRINT»* CH.CLLHTICN TIME OUTSIDE Cl" LIN!TS“

4080 - GO 70 9999

4090 1049 PRINT»" CALCULATION W xm»umts"

PM 2 (MM) Lim of cw m THERALY.




THERMAL 1

4188 GOOTo 2399

4118 1188 FORMAT (1FSELG.2)

4158 1120 FORMAT (IPeELB.2)

41z 1199 FORMAT (1PeELR,. 2

4146 1208 FORMAT (E(SKsFE.2))
4153 1218 FORMAT (S (1% 1IFE16.3) )
4184 1230 FORMAT (2 (1K« 1IFE1R,3))
4172 1220 FORMAT (A(1xs IFEL1B.3))
4158 1253 FORMAT(4(2xs 1IPEL1E,3))
419@ 9993 RETURM

45 EMD

Figure 2 (Continued). Listing of time-share program THERMALI.
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H(km) = (LOG(RHO)*A) + B

Iﬂd I
0to 10 km, A = -9.2073
B = 61,73
10
>10 to 40 km, A = -6.4665
T "= 40,3799
10°%

»
| ]
]
=
-
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q‘.u. 9.“‘ 74 b 8 :’_‘ e ; P s
Figure 3. Burst point altitude versus burst joint density.
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time lies within the bounds (1E-6 to TIME(6), Figure 4) of the applicable power-
time curve. If not, an error message is printed, and control is returned to the
calling subroutine. Otherwise, the time band flag (IFLAG) is set to the specific
power-time curve time band within which the calculation time lies.

Next, a test is made to insure that the photon energy of interest
is within the limits shown in Figure S, (0.45 eV 7.25 eV). If it is not, an
error message is printed, followed by a return to the calling subroutine. Other-
wise, a test is made to insure that any range of energies to be considered
lies completely within that energy band which contains the photon energy
of interest, with a provision to print an error message and return to
the calling subroutine, if this is not the case.

On the basis of the time band flag (IFLAG), the time band (see
Figure 4) within which the calculation time (TCALC) lies will have that portion
of the power-time curve constructed. Consider, for example, a calculation time
which lies between the time of first thermal maximum (TPMAX1=TIME(2)) and the
time of thermal minimum (TPMINSTIME(3)), shown in Figure 4 by (TCALC). In
this case, IFLAG=3, and the calculations which are implemented to construct
this portion of the power-time curve are contained between lines 2390 and 2700
of the listing shown in Figure 2. On the basis of empirically derived analytical
expressions reflecting yield and burst altitude, the power output (P2) at the
time of first thermal maximm (TPMAX1) and the power output (P3) the time of
thermsl minimum (TPMIN) are computed. The siope of the power-time curve
between the two points is then calculated. 'Asn-ing 8 logarithmic variation
of power with time between P2 snd P3, the total power at any time between
TIME(2) and TIME(3) (e.8., TCALC) can be spproximated.

The fractional power in each of the six energy bands varies
as & function of time after detonation, burst sltitude, and yield. Figure 6
shows, for a specified yield and burst altitude, how the fractional contri-
bution of each band to the totsl power varies with time. Figure 7 reflects
some simplifying aversging of fractional comtribution in each of the six time
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bands, and shows the variation of averaged fractional contribution in time
band #3, as a function of variation in burst altitude, for a specified yield.
The quantities FRAC(1) through FRAC(6), lines 2430 to 2550 in Figure 2, are
designed to approximate the curves in Figure 7.

If the desired output is energy (IFLAG=7), for the calculation
of this specific time band, the total time in the band (TIME(3)-TIME(2)) is
computed and divided into twenty increments. The power at each of the in-
cremental times and the average power in each increment are computed. The
pover-time product is then summed over the time band. In the case of calcu-
lating the energy, this general procedure will have been followed on those time
bands before this one (1 and #2) as well as those which follow (#4, #5 and #6),
for each of the six energy bands. :

After having computed the fraction of total power in each of the
energy bands for a specified calculation time, or, in the other instance,
after having constructed the total power-time curve and computed the energy
radisted in each of the energy bands, certain dats are printed out, primerily
for disgnostic purposes (Lines 3670 through 3750, Figure 2). If a range of
energies within an energy band is specified, the fraction of this range to
the total energy band is computed (FRACNU). The output is then converted
from watts to photons per second or watt-seconds to photons, as is appro-
priate to this particular calculation,

If the calculation does not involve the mergiang of bursts, the
subroutine is exited at this poiut This situation is flagged by the quantity
P, stogod in RADFAC common, vhich, when equsl to 1., indicates s zexo degree
solid angle intersection of two (adjacent) bursts (i.e., non-intersecting).
If, however, two bursts dc intersect (F1<l1.), it is necessary to make two
radiation output calculations, the first cslculation reflecting the output in
the non-disturbed region, and the second cslculation reflecting the effective
radisted output in the previous-burst-modified environment.



In the first pass through RADOUT (KSWTCHel1, Line 3850) in a
merged-burst case (Fl<l.), the calculations reflect the non-disturbed region
calculation. The calculation results of this first ps-s are temporarily
stored (ENERG]1,POWER1), and the equivalent burst point density (RHOP) for
the second-pass calculation is set.

After the second set of calculations, the results of the two
calculations are combined (Lines 3930-3960), the results are printed out and
control is returned to the calling subroutine, the values of the current
calculation having been stored in GEOTD common (i.e., POWER(10,6), ENERGY
(10,6)).

£




SECTION 3
APPLICATION AND RESULTS

Subroutine RADOUT is currently structured so as to cause the power
and energy arrays for a specific burst to initially be set to zero each time
the subroutine is called. Thus, it is anticipated that the results of a
calculation for a particular burst will be used before the subroutine is
called to do another calculation for the same bu.st at, for example, a
different calculation time, or in a different part of the frequency spectrum.

Although a particular photon energy is specified when a calculation
is to be performed, the subroutine is currently set up to calculate power or
energy, as the case may be, in all six energy bands. The results of the
calculations are in units of photons per second or photons in each of the
six total bands, except, as indicated in Section 2, when a range of energies
within the band of interest is specified. The output, in this case, is then
modified to reflect the fraction of the total band that the specified range
of energies represents.

The basic equations for calculating the times and powers are
gonerally of the form:
Power or Time = ¢
vhere 8, b, c, and d are constants
y = ylold (kt), and
h = burst altitude (km)

(s ¢ b x ta(y)) £ ((h/200)€) x d

The specific equations and constants currently in RADOUT are:

IDE() = o-9:21034 | ¢
TE(2) = .“"-62 + 317 x ta(y)) ¢ ((h/100) ky 2.25)

TIMB(S) = o{(-5-684 ¢ .407 % 2a(y)) - ((h/100)°° x 1.7
“.“) » of ( 3.151 ¢ .4617 x fa(y)) - ((u/mo) x 5.04)

= g R st ety



TIME(S) = ¢((-+525 + 233 x tn(y)) - ((h/100)°® x 3.4)

TIME(6) = Maximum of 10 x TIME(4) and 1 second

Pl = o((31.35 + .610 x L&n(y)) + ((h/1001 x 5.0)
P2 = ((31 35 + .610 x 2n(y)) + ((h/lOO) X §.0)
51 o ,((27 031 + .497 x fn(y)) + ((h/lOO)'g x 13.8)
P4 = ((30 249 + .582 x fn(y)) + ((h/100) x5.7)
PS = ,((26 86 + .747 x tn(y)) + ((n/100)°? x 4.0)

P6 = Extrapclation of curve from PS, on the basis of
slope P4 - PS5, out to TIME(6)

The values currently assigned to each of the constants reflect an attempt
to reasonably match the empirical data over a relatively broad range of
burst altitudes and yields. It is noted that the constants can easily be
modified to match more recent or higher confidence data.

Figure 8 provides a comparison between the results of a specific
case calculated by the RADFLO code, and the same case resulting from the
analytical expressions contained in subroutine RADOUT. The dashed curve
in Figure 8 shows the total power (watts) versus time after detonation
(seconds) for a 5 kT burst at a burst altitude of 9 kilometers, based on
data generated by the RADFLO code. The solid curve reflects the same case
as cslculated by subroutine RADOUT. In comparing the curves, it is seen
that the times of PMAX1, PMIN, and PMAX2 correspond fairly well, as do the
general shapes of the overall power-time curves, although the magnitude of
the synthesized power at PMIN (~6 x 1073 seconds) is high by a factor of
sbout 2. As previously noted, the coefficients which control the location
and magnitude of the time and power points have been selected so as to cover

8 wide range of yield and burst altitude parameters. Additionally, in cases

of integrating power over time, an adjustment of some of the coefficients
has been made to cause the energy obtained by a simple trapezoidal inte-
gration of the synthesized curve to approximate the RADFLO code output.
Consequently, differences do exist. However, it sppears that the approxi-
mations of power and energy provided by subroutine RADOUT are not unresson-
able, when considered in the context of uncertainties in the source data.
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APPENDIX A
DATA BASE

The data contained in this appendix were extracted from some of
the RADFLO code calculations identified in Section 1 of this report. The
data for various yields and burst altitudes were set up in individusl data
files to facilitate the data manipulation required for the development and
verification of the analytical expressions contained in subroutine RADOUT.
Por each of the events described in this appendix, three pages of data are
presented. The forsat is as follows:

CASE
TIME
IRP

VISP

§35 538§98¢§8

wespon yield/burst altitude
time after detonation, seconds
pover radiated in the IR band, watts

pover radiated in the visible (red, green,
and blue) band, watts

power radisted in the near UV band, watts
power radisted in the far UV.bend, watts
total power escaping the grid, watts
energy radiated in the IR dband, kilotons

energy radiated in the visible (red, M.
and blue) band, kilotons

energy radiated in the near UV band, l:notou
enorgy rsdisted in the far W band, kilotons
total energy escaping the grid (kilotons)

The third page of each set of dats is & coarse plot of the power-
time curve for that case, ia which the powers (vatts) for only the three
highest decades sre presemted.



CRSE 5 ~ 3

TIME
1.042E-05
1.:512E-05
2. 123E-05
3.273E-05
. 393E-05
7. 122E-0S
1.02%E-64
1.548E-04
2. 067E-84
3. 170E-84
9.019E-04
7. 355E-94
1.064E-03
1.524E-03
2.049E-83
3.902E-03
T.821E-03
7. 164E-03
1.005E-d2
1.514E~-02
2.0822E-02
3.023E-02
S.035E-02
7.024E-82
1.211E-01
1.503€E-01
2.010E-01
3. 003E-01
S.R15E-01
5. 823E-01
7.010E-01
8. 020E-01

1.101E+00

IRP
5. 630E+11
7.260E+11
1.390E+13
1.290E+13
1.850E+12
4.550E+12
6. 450E+12
5.790E+12
S.160E+12
5.060E+12
3.990E+12
2.140E+12
2.270E+12
1.640E+12
1.780E+12
1.430E+12
1.160E+12
1.350E+12
2. 000E+12
3.980E+12
6.390E+12
9. 640E+12
1.280E+13
1.410E+13
1.190E+13
4.550E+12
2.710E+12
1.500E+12
8. 140E+11
6.990E+11
5. S00E+11

5. 170E+11
4.290E+11 -

NIspP
1.313E+12
2.D13E+12
4, 740E+1 2
3. 230E+13
7.9c0E+iC
1.920E+13
2.940E+13
2.3580E+13
2.220E+13
2.090E+13

1.490E+13"

. 330E+12
5.880E+12
3.150E+12
3. 140E+12
1.808E+12
7. 130E+11
4.400E+11
S.510E+11
i.710E+12
3.990E+12
1.010E+13
2.030E+13
2. 400E+13
1.818E+13
4.370E+12
2. S70E+12
1.510€+12

8.900E+11
7.810E+11

6.740E+11
6.200E+11
S.470E+11

MR
1.300E+29
1.310E+09
2.330E+929
1.930E+10
2. 240E+12
2.240E+13
3.470E+13
2.970E+13
2.490E+13
2.260E+13
1.430E+13
4,410E+12
4.100E+12
1.610€+12
1.480E+12
5.920E+11
7. 730E+10
9, 950E+09
1.670E+09
9. 100E+08
3. 110E+09
5,240E+10
7.400E+11
1.870E+12
2.630E+12
2.020E+12
1. 7S0E+12
1.230E+12
7.380E+11
6.350E+11
S.340E+11
4.830E+11
4. 140E+11

FRIN
1.2%50E+03
1.2°.0E+08
2. 199E+08
1.440E+09
1.280E+13
7.20E+04
2.51PE+14
2.040E+14
1.600E+14
1.34PE+14
7.400E+13
1.220E+13
1.020E+13
2.360E+12
1.949E+12
4,910E+11
2. 940E+10
1.930E+29
5. 100E+Q7
7. STRE+OS
6.070E+04
1. 390E+05
1.170E+26
S5.040E+06
6. 770E+06
2.899E+07
4,790E+Q7
é6.100E+@7
9. 3B0E+0?7
9.390E+27
8.909E+07
8.310E+07
8. 750E+a7

0TP
2.439E+12
2. TARE+12
£. 120E+13
4.620E+13
3. 040E+13
4,670E+13

210E+14
2.550E+14
2.120E+14
1.5309E+14
1.090E+14
2.460E+13
2.240E+13
3, 790E+12
3.330E+12
4,300E+12
1.930E+132
1.210E+12
2.550E+12
S.700E+12
1.040E+13
1.930E+13
3.330E+13
4.000E+13
3.260E+13
1.090E+13
7.030E+12
4.230E+12
2.44PE+12
2.110E+12
1.790E+12
1.620E+12
1.390E+12



TIME
1.032E-05
1.212E-@5
2. 125E-25
3.278E-85
5. 333E-85
7o 122E-05
1,32%E-04
1.542E-24
2.067E-04
3. 170E-94
5.019E-24
7. 355E-04
1.954E-03
1.524E-03
2.949E-03
3.002E-03
5.821E-83
7. 154E-03
1.005E-82
1.514E-062
3.0823E-02
S.035E-02
7.024E-02
1.011E-91
1.505E-01
2.010E-01
3.003E-01
S.015E-01
5.323E-01
7.010E-01
8.020E-01
1.101E+00

INTI
5. 310E-07
1. 550E-06
1.336E-05
5.527E-85
7« 212E-05
2.636E-05
1.251E-84
1.997E-04
2. 546E-04
3. 751E-04
S.666E~-04
7.421E-04
9. 353E-04
1.129€E-03
1.342E-03
1.701E-03
2. 302E-03
2. 746E-03
4.0385E-03
7. 729E~03
1.401E-82
3.403E-62
8. 394E-02
1.535E-01
2.3523E-01
3. 339€-01
3. 807E-01
4,274E-01
4. 792E-01
4.933E-01
Y. 112E-01
Y. 240E-01
S.469E-01

THTLS
1.292E-66
3. 329E-BE
&, 302E-95
1.712E~-04
2. 192E-24
2.303E-04
5.0834E-04
7. 349E-04
1.919E-83
1.513E-23
2.264E-03
2.253E-03
3.398E-63
3.213E-83
4,193E-03
4,.72¢6E-03
5.246E-03
5.518E-03
5.832E-83
7.054E-03
1.837E-02
2. 735E-82
1.241E-01
2.113E-01
3.7955E-01
4,774E-01
S. 168E-01
5.625E-01
5. 168E-01
6. 324E-01
6.528E-01
6.684E-01
6. 9635'91

3

IMTH
3. DARE-A
o, AMIE-QD
2. BOOE-6B3
3.000E-03
2.203E-25
3. M4E-05
3.39%E-04
5. 534E-D4
Q. 234E-64
1.466E-03
2.231E-93
2. 7TS8E-03
3. 176E-03
3. 416E-03
3.602E-03
2.3i3E-03
3. 922E-A3
3.936E-03
3.933€-03
3.937E-83
3. 940E-03
3.380E--083
5.560E-03
1.200E~-922
2. 950E-02
S.630E-02
7. 340E-D2
1.141E-01
1.590E-01
1.723E-01
1.890E-01
2.01cE-0]
e [ 21%"’01

INTF
1.722E-19
=9, 320E-19
=1.243F-02
3.235E-G5
2. 236E-25
1.112E-03
2. 325E-93
1,978E-23
2.243E-03
=7.744E-24
1.449E-62
1.574E-02
1.612E-02
1.644E-02
1.665E-02
1.672E-02
1.6/72E-02
1.673E-02
1.672E-02
1.673E-822
1.671E-82
1.686E-02
1.672E-022
1.677E-02
1.671E-02
1.658E-02
1.719E-62
1.6592E-02
1.530€E-02
1.590E~-02
1.700E-02

43?5-“4
4 . :33 1 E‘E“‘
2.992E-03
4.973E-03
7« 173E-023
1. 162E-02
4.238E-073
2. @35E-a2
2.325€E~-62
2.454E-02
2.598E-B2
2. 6i39E-02
2.219E-02
2.912E-22
3.058E-82
3.9544E-82
4 . 584E-02
8.25%-02
2. 153E-81
3.940€-01
6.740E-01
8.894E-0A1
2, 336E-01
1,120E+00
1.272E+00
1.315E+90
1.369€E+0@
1.410E+00
1.482E+00
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PLTPON

1. 4E-SHN

1.51E-B3

2. 126-05(1

2. 28E-B5
FeIE-AS
7. 12E-0°
1.23E-04
1.355E-04
3.17E-24
5.92E-04

7.35E-24 °

1.06E-03
2.05e-03
3.99E-935
5.02E-03
7.15E-@
1.01E-82
1.51E-0
S GEE“'
3.02e-0
5. 945"
7.02E-32
1.01£-01
1.50E-21
2.91E-01
3.038E-01
S5.92E-01
5. 82E~-0)
3.02E-01
1.19E408

"
"

o

i

AP . .

T=TOTAL POMWER
I=IR FOWER

N=NEAR W POWER
F=FAR UV POMWER

POWER (WATTS) VERSUS TIME(SECONDS)

U=UISIBLE POWER

w0
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APPENDIX 8

RESULTS OF DATA EXTRACTION
AND MODIFICATION

The fractional power in each of the six frequency bands varies
widely with time, as is seen in Figure 6 of this report. In order to help
simplify the analytical expressions in subroutine RADOUT, the fractional
power in each of the frequency bands was averaged within each of the six
time bands.

On each of the following pages, the six time bands are separated
by the time of the time band trailing edge (e.g., 1.000 E-4, 3.955 E-4,
6.010 E-3, 5.127 E-2, 5.685 E-1, 1.101 E+0 seconds, page 74). At each of
these times, the average value of fractional power to total power in each
of the six wavelength (or equivalent photon energy) bands is given. When
the average values sre compared to specific fractions in each time band
for each of the energy bands, generally there is reasonable correspondence.
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